We report the discovery, spectroscopic confirmation and preliminary characterisation of 24 gravitationally lensed quasars identified using Gaia observations. Candidates were selected in the Pan-STARRS footprint with quasar-like WISE colours or as photometric quasars from SDSS, requiring either multiple detections in Gaia or a single Gaia detection near a morphological galaxy. The Pan-STARRS grizY images were modelled for the most promising candidates and 60 candidate systems were followed up with the William Herschel Telescope. 13 of the lenses were discovered as Gaia multiples and 10 as single Gaia detections near galaxies. We also discover 1 lens identified through a quasar emission line in an SDSS galaxy spectrum. The lenses have median image separation 2.13 and the source redshifts range from 1.06 to 3.36. 4 systems are quadruply-imaged and 20 are doubly-imaged. Deep CFHT data reveal an Einstein ring in one double system. We also report 12 quasar pairs, 10 of which have components at the same redshift and require further follow-up to rule out the lensing hypothesis. We compare the properties of these lenses and other known lenses recovered by our search method to a complete sample of simulated lenses to show the lenses we are missing are mainly those with small separations and higher source redshifts. The initial Gaia data release only catalogues all images of ∼ 30% of known bright lensed quasars, however the improved completeness of Gaia data release 2 will help find all bright lensed quasars on the sky.
INTRODUCTION
There are currently fewer than 40 known gravitationally lensed quasars with image separations over 2 . The multiple images of these bright wider-separation systems can be monitored to determine time delays, which are used to calculate a time delay distance and hence infer the Hubble constant (Refsdal 1966; Bonvin et al. 2017) . This is a promising method to shed light on the apparent tension between local distance measurements (Riess et al. 2016 ) and CMB measurements (Planck Collaboration et al. 2016) . Lensed quasars are also powerful tools to probe the many facets of galaxy evolution: lens mass distributions (Schechter & Wambsganss 2004; Bate et al. 2008 Bate et al. , 2011 Mediavilla et al. 2009 ), source quasar accretion discs (Rauch & Blandford 1991; Pooley et al. 2007; Jiménez-Vicente et al. 2015) , source quasar host galaxies (Peng et al. 2006; Ding et al. 2017 ; E-mail: cl522@ast.cam.ac.uk Bayliss et al. 2017) , etc. However the results of all these studies are currently hindered by the dearth of known lensed quasars.
The first Pan-STARRS data release (Chambers et al. 2016 ) has provided arcsecond-resolution, multi-wavelength (grizY ) imaging of three quarters of the sky. This provides the perfect dataset to increase the number of bright lensed quasars through area alone. Furthermore the multiwavelength data allow characterisation and pre-selection of the most promising candidates to spectroscopically followup through the use of residual features, goodness of fit and SED similarity. While many techniques exist for identifying lenses from purely photometric data (Ostrovski et al. 2017; Schechter et al. 2017; Williams et al. 2018) , all are plagued by contaminant systems that resemble lensed quasars. These include compact star-forming galaxy pairs, binary quasars and quasars projected close to blue stars and galaxies. Additionally, the resolution of ground-based imaging data often blends the separate components of lensed quasars into just one catalogued object. This blending by the point spread function (PSF) on the scale of the image separation leads to contaminant systems being confused for lensed quasars. One way to overcome this blending issue is to use the excellent resolution of Gaia (Gaia Collaboration et al. 2016a) , which is able to separate two point sources separated by ∼ 0.1 (Fabricius et al. 2016) . Only a catalogue of detections is currently released from the Gaia collaboration (Gaia Collaboration et al. 2016b) , however this is enough to quickly reduce the number of contaminants. Even though Gaia has not catalogued all components of close pairs (Arenou et al. 2017) , the knowledge that a point source exists in a system removes some star-forming galaxy contaminants from the search.
The selection, follow-up and modelling of lensed quasars using Pan-STARRS and Gaia data forms the basis of this paper. In Section 2 we describe the search techniques and the starting photometric quasar catalogues. Section 3 explains the observations and their outcomes, and in Section 4 we create light profile and mass models for the systems. Finally we discuss the individual systems and summarise our findings in Sections 5 and 6. Wide-field Infrared Survey Explorer (WISE) magnitudes are quoted in the AB system. The conversions from Vega to AB for ALLWISE data are W1 AB = W1 Vega + 2.699 and W2 AB = W2 Vega + 3.339 which are given in Jarrett et al. (2011) and in the ALLWISE explanatory supplement. When required a flat cosmology with Ω m = 0.3 and H 0 = 70kms −1 Mpc −1 was used.
LENS CANDIDATE SELECTION
The following section describes the candidate selection process. The declination range was limited to −30, i.e. requiring grizY imaging from Pan-STARRS. For the majority of searches we required the systems to have a galactic latitude, |b| > 15, however in some right ascension ranges (RA∼80, along the galactic anti-centre) this was relaxed. Before a final sample was established, the local Gaia stellar density for each candidate was required to be less than 50000 stars per square degree (calculated by counting Gaia sources within a 100 radius), in order to remove star clusters.
Two quasar candidate catalogues are created, and two Gaia-based selection methods are applied to these catalogues to generate our final sample, as described in the following subsections.
Photometric quasar candidate catalogues
2.1.1 I. WISE mid-infrared colours Stern et al. (2012) have shown that the W1 and W2 bands of WISE (Wright et al. 2010) can be used to select AGN by applying the colour criterion of W1−W2≥0.16 (AB). One advantage of this selection technique is its simplicity and effectiveness (Wu et al. 2012; Schechter et al. 2017) , however a downside for our purposes is that lensed quasar photometry can be strongly affected by the lensing galaxy, leading to WISE colours bluer than those of isolated quasars.
To overcome this we apply a looser WISE criterion of W1−W2≥ −0.14. With this limit we do not expect an unreasonable number of contaminants still meeting our Gaia detection criteria of Section 2.2. The main contaminant created by this lower limit is quasar+star projections.
We ensure that the WISE detections are robust in W1 and W2 by requiring catalogue uncertainties and a W1 value brighter than 18.2. After matching to Pan-STARRS and keeping objects with i-band PSF magnitudes brighter than 21, our initial WISE-selected quasar candidate list has 1298877 objects with |b| > 15.
II. SDSS GMM photometric quasars
Recent papers (e.g. Williams et al. 2018; Agnello et al. 2018a, Ostrovski in prep.) have shown that the Sloan Digital Sky Survey (SDSS) imaging data still contain bright lensed quasars, which had not been targetted for spectroscopy and hence were missed by the SDSS Quasar Lens Search (SQLS, Oguri et al. 2006) .
Since the SDSS imaging dataset includes u-band datawhich are particularly useful for selecting AGN-we create a complementary catalogue to the WISE selection above by applying Gaussian mixture modelling (GMM) classification to SDSS objects as in Ostrovski et al. (2018) . This is a morphology-independent selection based on u − g, g − i and i−W1 colours. Classification is divided into four classes: stars, galaxies, and low-and high-redshift quasars (z 2.7 and z 2.7 respectively). This classification is applied to all SDSS objects with ps f Mag i < 21. Our final GMM quasar candidate catalogue is composed of all objects that have a combined (low and high redshift) quasar probability > 0.5. This results in 1158557 quasar candidates.
Morphology Selection
Once a set of photometric quasar candidates is selected, we attempt to remove the objects that are not lensed quasarsmainly isolated quasars or misclassified star-forming galaxies. To this end we use Gaia data, which has a spatial resolution of ∼ 0. 1 (Fabricius et al. 2016) . Gaia is built to detect stars in our galaxy, but naturally detects bright quasars as a by-product. Therefore we search our quasar candidate catalogues for objects in which multiple Gaia sources are detected, as would be expected for multiply imaged quasars. While this does not remove quasar+star projections from our candidates, it removes many star-forming galaxies and isolated quasars, since at most one Gaia detection is expected for these contaminants.
Since Gaia does not reliably detect all images of most lensed quasars, we also describe a simple morphology selection using just one Gaia detection (Lemon et al. 2017) . While this selection naturally removes fewer contaminants, it is able to recover 45 known lenses. The details of the two methods are described below. They are both applied to each of the quasar catalogues described in 2.1; Table 1 shows the number of candidates each technique and quasar catalogue produced, given the selection criteria. Note that the numbers are not exclusive.
Multiple Gaia detections
Our first selection technique is to find quasar candidates with multiple Gaia detections. We require at least two Gaia detections within 4 of each other. Lensed quasars with separations above this are very rare (e.g. Oguri & Marshall 2010) and the number of contaminant systems increases roughly proportionally to the maximum image separation allowed in a search. Furthermore Gaia is most useful at combating the blending of smaller-separation systems in ground-based optical survey data, in which lenses with images separated by more than 4 should already be deblended. This technique is applied in a two-step process: firstly all quasar candidates are matched to Gaia within 2 of the Pan-STARRS detection and secondly this is matched to Gaia again within 4 of the initial Gaia position. We choose the first matching distance to be only 2 since this retains all known lenses with two Gaia detections while removing some single quasar candidates projected near stars with Gaia detections.
Gaia detection near morphological galaxy
Cross-matching Gaia to known lensed quasars (Lemon et al. 2017) demonstrates that only 1 in 5 small-separation lensed quasars have all quasar images detected by Gaia , even when all images should be detected. Though this fraction increases with separation (one third at the largest separations; Agnello 2017), requiring multiple Gaia detections will miss the majority of lenses. One way to find some of these "missing" lenses is to perform a search depending on only one Gaia detection. We do this but require a morphological galaxy within 4 of the quasar candidate, removing contamination from wider-separation star+quasar projections. If the single Gaia detection is indeed a quasar, a bright galaxy within 4 is a strong candidate for acting as a foreground lens. We crossmatch our quasar candidates to Gaia within 4 and then back to Pan-STARRS within 4 of our original quasar candidate but requiring the criterion of r PSF − r K RO N > 0.2 for the new match. This extended object can be the original quasar candidate.
Final Lens Candidate Catalogue
After applying the Gaia multiple and single detection techniques to the two quasar candidate catalogues, we apply two further filters. The first is requiring the astrometric excess noise (AEN, Lindegren et al. 2012 Lindegren et al. , 2016 for each Gaia detection to be less than 10 mas. The AEN is a useful indicator for point source/galaxy separation (Belokurov et al. 2016; ) which holds for known lensed quasars (Lemon et al. 2017 ). Therefore we can remove many starforming galaxies from our search by applying the simple cut AEN< 10 mas. The second filter is removing all candidates with local Gaia stellar densities above 50000 stars per square degree. This is calculated by counting all Gaia detections within 100 .
The catalogues are then stacked and duplicates from the two quasar candidate selection techniques are removed, leaving 109941 Gaia singles and 31486 Gaia pairs. After selecting ∼200 of the most promising candidates through visual inspection, the Pan-STARRS grizY images are modelled simultaneously as described in Section 4.1. This is to ensure the postulated quasar images have similar colours and to prioritise systems with residual features consistent with a lensing galaxy. for the red arm and B300 (64Åmm −1 / 0.86Åpixel −1 ) for the blue arm. Each lens candidate was positioned along a 1 -wide slit to capture both quasar images. Multiple position angles were used for one quad candidate, J1721+8842. After masking cosmic rays and subtracting the sky background, the spectra were visually inspected for broad emission lines in the separated peaks and 1-D spectra were extracted using Gaussian apertures with 0.5 width. Table 2 shows a summary of the observations with sky positions, candidate selection method, outcome of the observation and WISE and Gaia magnitudes.
Results
We have classified 24 objects as lensed quasars since the spectra reveal the presence of (at least) two quasars at the same redshift and the pixel modelling of the Pan-STARRS images reveals a lensing galaxy. Figure 1 shows Pan-STARRS gri cutouts of the confirmed lens systems with Gaia detections overlaid. Figure 2 shows the component spectra for each lens. We are able to establish the lens galaxy redshift for 4 lenses.
We further discover 10 systems consisting of pairs of quasars at the same redshift, shown in Figure 3 . Their spectra are shown in Figure 4 . However in these systems, the residuals after PSF subtraction do not convincingly demonstrate a lens, or the spectral features rule out the lensing hypothesis. See section 5.1 for details on individual systems. 
MODELLING

Pixel modelling
In this section we model the Pan-STARRS grizY imaging data for each lens system to derive simple component shapes, positions and colours. In the next section we use the image and galaxy positions and flux measurements to fit simple lens models to each system. The PSF is derived by fitting a Moffat profile (Moffat 1969 ) to a nearby star. The grizY Pan-STARRS images are modelled simultaneously with each quasar image fit with a PSF, and galaxies fit with Sérsic profiles (Sérsic 1963) convolved with the PSF. In all lens systems, the presence of a lens galaxy is apparent from the colour image, except for J0630-1201 and J1606-2333. The free parameters for the pixel modelling are the positions of the quasar images and the lensing galaxy, as well as the flattening, size and Sér-sic index of the galaxy, all of which we assume to be the same across bands. The log likelihood is sampled using the emcee package Foreman- Mackey et al. (2013) to determine statistical uncertainties. Finally the fitting is repeated with a different PSF star to determine the systematic error for a possible PSF mismatch. Figure 5 shows the Pan-STARRS gri images and the residuals after modelling each system as the relevant sum of quasars and galaxies. Astrometry and photometry for all available bands are given in Table 7 .
Mass modelling
We fit all the systems with singular isothermal elipsoids (SIE) using our own Python-based image-plane modelling code, which has been checked for consistency with lensmodel (Keeton 2001) . We use the two-step process of modelling the pixels to find positions and fluxes, and then deriving a lens model. This is to ensure that, if the system is not well-described by a singular isothermal ellipsoid, it does not affect the PSF subtraction. Furthermore we can quantify the chi-squared contributions from positions and flux ratios robustly. For all the doubly imaged lenses, we start from two image positions and a galaxy position (6 parameters). However to constrain a singular isothermal ellipsoid (galaxy position, mass, ellipticity, position angle and source position; 7 parameters), we require one further observable. For this we use the image flux ratio. We take the median flux ratio from the griz bands and include a 20 percent uncertainty on the input fluxes since optical flux ratios depend not only on the lensing geometry but also on extinction, quasar variability over the time delay, microlensing, etc. Using these pixel-based measurements and their uncertainties, the lens parameters are inferred through image-plane sampling. Given the extra information in quads, we are able to use more realistic models with more parameters. We use SIE+shear models for these systems.
The lens model parameters (medians with 1σ limits) and chi-squared contributions are listed in Table 3 . For the three quadruply imaged lensed quasars we include a 50 percent uncertainty on the input fluxes for the two saddle point images in each system, in accordance with their increased susceptibility to microlensing (Schechter & Wambsganss 2002) .
Systems with significantly elliptical SIE fits and a large image-position chi-squared are indicative of a strong external shear if the lens is not elliptical in the photometry.
DISCUSSION
Notes on individual systems
J0030 -1525
The Pan-STARRS gri image for this object shows two bright PSFs and a galaxy significantly offset from where it should lie to create a double-image system. However a better seeing VST r-band image, Figure 6 , resolves four objects including a faint blue PSF next to an extended red object. This is consistent with a flux-ratio anomaly foldconfiguration quad with the faint PSF being the counterimage. We model the Pan-STARRS data for photometry of A+B, C and D+G, given in Table 7 . However for the mass model we use the VST r-band data given its excellent seeing and resolution of the counterimage. The PSF is inferred from the data due to the lack of a nearby star. We find that the data are fit by models with the merging pair consisting of a bright image north-west of a faint image or vice versa. The former is much more plausible given that saddle points are more commonly demagnified than maxima and minima (Schechter & Wambsganss 2002) and so this is the mass model we report in Table 3 . The best fit mass model gives flux ratios of ∼ 7:7:3:1 while the measured flux ratios are ∼ 7:0.5:4:1, i.e., a 14× decrease for image B.
J0127 -1441
DECaLS data reveal two faint red objects between the two PSFs that could be responsible for the lensing. These are only detected in the z-band data and each has a magnitude of ∼ 24. Comparing to mock lenses from Oguri & Marshall (2010) with similar source redshift and image separation, the faintest i-band lens magnitudes are ∼ 22. While the multiple component nature of this putative lens complicates the comparison, the faintness and large separation suggests either a binary quasar or high-redshift group lens. Deeper data will help secure the magnitudes of these objects.
J0139+3526
While this was a promising candidate given the similar SEDs and residuals consistent with a lensing galaxy, the redshift of the quasars is low (z = 0.65) and the [Oiii] emission lines are significantly different. There is no discernible redshift difference from the spectra, so this system is likely a quasar merger in which we are seeing the onset of AGN activity. The residuals are probably associated with the quasar host galaxies interacting. A nearby bright star makes this system ideal for adaptive optics follow-up.
J0140-1152
This lens has been independently identified in the VST-ATLAS survey by Agnello et al. (2018b) , who report a lens redshift of 0.277. It is a highly magnified (∼ 10 times) double.
The elliptical mass model suggests a strong external shear given the relatively circular light profile of the galaxy.
J0235-2433
Agnello et al. (2017) have independently selected this object as a candidate gravitational lens from the Dark Energy Survey (DES) footprint (The Dark Energy Survey Collaboration 2005). We confirm the PSFs to be quasars at a redshift of 1.44. The DES data displayed in Agnello et al. (2017) show that the image closest to the lens galaxy is brighter than the other, while the opposite is true in the Pan-STARRS data. This change by approximately one magnitude within less than a few years (mean epoch for the Pan-STARRS detection is 56475, and ∼57350 for DES (Abbott et al. 2018) ) is likely attributed to a microlensing event rather than quasar variability. Indeed in the Gaia data, the closest and furthest images have magnitudes of G=18.12 and G=18.85 respectively. Since both images are detected by Gaia, they will have well-sampled lightcurves over 5 years. When released, these lightcurves will clearly distinguish a microlensing event in one image from quasar variability which would be seen in both images but separated by the time delay.
J0417+3325
This double has an elliptical lens galaxy (q = 0.48) and the SIE lens model is aligned along the same position angle but less elliptical (q = 0.65). It was originally detected by Colla et al. (1970) at 408MHz with a flux of 290 mJy, and subsequently at 5GHz by Davis (1971) and Altschuler (1986) with detections of 60 mJy and 39 mJy respectively. It is also detected in NVSS (Condon et al. 1998 ) at 1.4GHz with a flux density of 109mJy. Archival 8GHz VLA data show two point sources in the same positions as the optical quasar point sources with a hint of a third source south of image A.
There is an extended source 3 west of the system, lacking any optical detection in Pan-STARRS. The A to B flux ratio at 8GHz is 1.2, while the g-band ratio-the magnitudes least affected by the presence of the lens galaxy-is 2.0, a discrepancy that could be explained by a number of effects including microlensing or extinction. The presence of a radio source is promising for using resolved source structure and radio flux ratios to precisely constrain lens models.
J0630-1201
This system was identified in a novel Pan-STARRS+WISE photometric quasar catalogue as explained in Ostrovski et al. (2018) . Keck NIRC2 data reveal two lensing galaxies and a fifth demagnified image. See Ostrovski et al. (2018) for a full mass model.
J0740+2926
This is an SDSS quasar that was subsequently found to be followed up as part of the SDSS quasar lens search, which also confirm this as a quasar pair at z=0.98 (Inada et al. 2010 ). 
J0812+3349
While we have classified this as a nearly identical quasar (NIQ), there is support for this object being a lens since a faint red object is seen upon subtracting the PSFs. Because of the lack of any imaging data sets other than Pan-STARRS we cannot confirm this detection since this faint residual is only seen in the i-band at i ∼ 23. The quasars' proximity could mean lens galaxy light is being fit or appearing due to poor PSF subtraction. Therefore deeper and/or higherresolution imaging of this system is required.
J0941+0518
This system and J1640+1045 were concurrently discovered by Williams et al. (2018) . Deep CFHT data reveals an Einstein ring of the quasar host galaxy in the u, g and r bands, as shown in Figure 7 . We calculate the velocity dispersion of our SIE model to be 365 km s −1 and compare this to the measured velocity dispersion of the galaxy from an SDSS spectrum of 313±18 km s −1 . This discrepancy can be accounted for by a shallower than isothermal density profile of γ ∼ 1.8 (see Figure 4 of Auger et al. 2010) . However this lens is embedded within a galaxy group and so close companions would suggest a steeper profile (Dobke et al. 2007; Auger 2008) . Since a quasar emission line from the closer, fainter quasar image is present in the galaxy spectrum, the SDSS velocity dispersion might not be trustworthy. A deeper spectrum and deeper optical imaging of the Einstein ring will help constrain the mass model. We calculate the time delay for this system as B lagging A by ∼270 days.
J0949+4208
This is a radio source in NVSS and FIRST, however FIRST clearly associates it with the lensing galaxy. The lensing galaxy is likely a radio galaxy, however we cannot rule out the fainter optical image being much brighter in the radio. It was targetted for a BOSS spectrum which shows quasar emission lines at z = 1.27 and a galaxy at z = 0.507, in agreement with the absorption lines seen in our WHT spectrum.
J1540+4445
This NIQ is at low redshift (z = 0.61) and shows variation in the emission line profiles between the two components. Furthermore it appears to be associated with a galaxy cluster. Two BOSS spectra of galaxies in the field place them at the same redshift as the NIQ.
J1606 -2333
This system was identified as a Gaia double. Though the seeing for the WHT spectrum was poor, quasar emission lines are visible across the broad trace. The two-component decomposition is made the same distance as that between the Gaia detections, and a narrow uniform aperture is used for the spectral extraction. An archival, shallow Chandra image shows extended emission at the positions of the two Gaia detections and also near image C, as labelled in Figure 5 . Recent HST imaging (proposal 15320, PI: Treu) clearly resolves four quasar images and a lens galaxy. The mass model suggests a shear of 0.15 and an image position chi-squared of ∼10. The majority of this is attributed to a poorly fitting position of image D. The best-fit models consistently place D 0.02-0.04 more northern than the measured value. This discrepancy could be explained by an astrometric perturbation from an unresolved galaxy near image D.
J1640+1045
This double system appears to be a flux-ratio anomaly double with the closest image 1.5 magnitudes brighter than the further image (0. 52 and 1. 71 from the galaxy respectively). While this could be explained by microlensing, the fit of an SIE is possible to explain this flux ratio but requires a highly elliptical (q ∼ 0.3) mass model, while the light profile is reasonably circular (q ∼ 0.9). Therefore if this flux ratio is to be explained by a mass model it is much more likely to be due to a strong external shear in the same direction as the inferred mass position angle. A singular isothermal sphere + shear model for this system is also a good fit (chi-squared ∼ 0.25), with a shear of 0.32 at 122 degrees North of East. This position angle is well-aligned with a nearby galaxy less than 4 from the main lensing galaxy at a position angle of 133 degrees North of East. Furthermore SDSS, Pan-STARRS, Gaia and DECaLS data all show that this lens maintains the measured flux ratio implying this flux ratio is unchanging over 15 years. While microlensing events cannot be ruled out, it is more likely that this apparent flux-ratio anomaly is explained by a strong external shear. Since both quasar images are detected by Gaia, their lightcurves will become useful data for breaking the microlensing/shear degeneracy for this system.
J1721+8842
The "polar quad" shows strong signs of line of sight absorption systems in all 4 images. The Pan-STARRS imaging data have highly distorted PSFs in some bands, so the mass model is based on flux ratios measured only in the r-band. The residuals after subtracting PSFs show flux to the west of image C, perhaps associated with a second lensing galaxy or an arc from the quasar host galaxy. Given its high declination, the position and airmass of this system is essentially unchanged year-round, providing an excellent opportunity to efficiently measure time delays without any seasonal gaps. We note that the mass model is well-fit to the data, with a chi-squared of ∼4.4 (the number of degrees of freedom for the quad models is 13-9=4). Most of the flux chi-squared contribution comes from image A being too bright. This system was also recovered by Rusu et al. (2018) in a lens search using the AGN catalogue of Secrest et al. (2015) .
J1831+5447
This is an NVSS radio source with a flux of 23.5mJy at 1.4GHz.
J2032 -2358
MgII absorption is seen in just one of the quasar spectra, with the emission lines appearing similar. The MgII absorption system is at z=1.642, consistent with the source's systemic redshift based on the CIII and CIV lines and the other quasar's MgII emission line. This could be a lens with magnesium absorption in the host quasar along the line of sight of just one image. If deeper imaging reveals a lens galaxy or a lensed host galaxy, then this system could be used to constrain the covering fraction of MgII.
Lens Statistics
To understand the limitations of our selection method, we have compiled a list of 147 previously known lensed quasars against which we can test our selection. While we report 24 new lensed quasars in this paper, our selection criteria also selected 59 previously known lensed quasars, as described in Table 6 .
Recovering Known Lenses
Of the 171 known lenses (including our sample), 4 lenses have 3 Gaia detections, 43 have 2 detections, 86 have 1 detection and 38 have no detections. Of the 38 with no Gaia detections, only 2 have bright enough images that should be detectable by Gaia -J0941+0518 and WFI2026-4536-with the rest being optically faint mainly due to radio selection.
Applying our selection criteria (Section 2), we recover 82 lenses (37 Gaia multiples and 45 Gaia singles). 23 of these lenses are quadruply imaged (quad fraction of 28%), while of all known lenses the quad fraction is 43/171 (25%). The lenses that we fail to select fall into three categories: separation > 4 , separation ∼ 1 , or high flux ratio doubles. We do not recover the very rare large-separation lenses because of our 4 Gaia multiple separation cut. The smallseparation lenses are missed because of lack of multiple Gaia detections (see Lemon et al. 2017) , and in the case of just one Gaia detection, the system is not extended enough and does not pass our morphological classifier. This latter failure also explains the high flux ratio doubles being missed, since the majority of the flux is in one PSF. 
Known versus Simulated Lenses
Our search techniques failed to recover 33 known lenses with Gaia detections. We understand this as the extremes of small-and high-separation images and high flux-ratio doubles. We can verify this and infer which lenses our search is missing by comparing the selected lenses to a simulated sample.
In particular we compare to the Oguri & Marshall (2010) (OM10 hereafter) simulations which have readily listed image configurations, lensing galaxy parameters, source parameters, etc. for 15658 mock systems. We limit the entire OM10 sample to those lenses we would expect to be able to find with images brighter than the Gaia threshold. For this criterion we use all lenses that have the faintest image (or second faintest for quads) brighter than i=21, leaving a catalogue of 2560 mock lenses.
Figures 9 and 10 show histograms of source redshifts and separations respectively for our 23 Gaia lens sample, the 82 Gaia-selected known lenses and the reduced OM10 sample. The first plot demonstrates the lack of known lenses at redshifts above z = 2.2. Two reasons for this are: (i) SQLS targetted lenses below this redshift for their statistical sam- (23) all Gaia selected lenses (82) OM10 (2560) Figure 10 . Image separation distributions for our Gaia sample, all Gaia-selected lenses and OM10 mock lenses. OM10 used a lower limit of 0. 5 for the image separation of their mocks and 4 as an upper limit.
ple and (ii) the u-band dropout for quasars above z = 2.7 makes them more difficult to classify, and at higher redshifts WISE colours tend to become bluer for quasars (as in Figure 8 ). The second plot shows that small-separation lenses are being missed. This is naturally expected since these are the hardest to identify in imaging data and to target for follow-up spectroscopy. We note that the quad fraction of the mocks is 18%, compared to 25% for all known lenses, demonstrating current and previous search biases towards quads-they are more identifiable once visually inspected and more likely to be caught by search algorithms (e.g. higher likelihood of multiple Gaia detections). Figure 11 . Fainter image (second faintest for quads) magnitudes against lensing galaxy magnitudes in the i-band. Yellow dots are from our modelled sample and blue is the entire OM10 simulations (no brightness limit). Figure 11 shows the fainter image magnitude against galaxy magnitude in the i-band for our Gaia lens sample. Overlaid are the same values for the entire OM10 mock catalogue. Naturally we are still discovering the brightest lenses on the sky, but we note that there should be many more lenses with bright images with faint galaxies, and faint images with bright galaxies (the top left and bottom right respectively). The NIQs identified in this paper can make up the former of these two classes of lens, but require deeper imaging to reveal the lens galaxy. The latter will be missed by searches requiring quasar colour selection. These lenses could be discovered by starting from photometric galaxies and requiring multiple Gaia detections, as Lucey et al. (2017) have successfully applied to the Pan-STARRS dataset.
CONCLUSIONS
We have presented the discovery of 24 gravitationally lensed quasars; 13 are discovered by having multiple Gaia components, 10 as Gaia detections near morphological galaxies and 1 from an emission line identification in an SDSS galaxy spectrum. All of these systems have well-resolved images in ground-based imaging and are bright, lending themselves to monitoring and subsequent time delay cosmography studies (Treu & Marshall 2016) . Our sample includes 4 quadruply-imaged lenses and one double lens which shows a blue Einstein ring in deep CFHT data. One quad, J0030-1525, requires high resolution imaging to verify our understanding that one image is highly demagnified, by a factor of ∼ 14. Four of our lenses-J0140-1152, J0146-1133, J0235-2433, J0259-2338-have been independently identified using Agnello et al. (2018b) and Agnello et al. (2017) .
Comparing our sample of lensed quasars to simulations, we show that we are not sensitive to arcsecond-separation lenses and those at redshifts beyond the u-band dropout. This is due to colour selection and the bias from visually inspecting a large number of candidates. This biases our sample towards systems with bright lensing galaxies and quads, and away from small-separation lenses and bright doubles that are often confused for stars. The second Gaia data release on 25 April 2018 will not only help increase the completeness of lens searches through detection of more lensed quasar images and colour information from the blue and red photometers, but also drastically reduce the number of candidates that must be inspected. Further data releases including proper motion information will further remove contaminants.
Oguri & Marshall (2010) lensed quasars to be detectable using LSST (Large Synoptic Survey Telescope), however to confirm such large numbers of lenses to become useful astrophysical and cosmological tools, we must ensure we select lenses efficiently and in a complete manner. We have demonstrated that combining Gaia, WISE, SDSS and Pan-STARRS data with pixel-based modelling can efficiently select new lenses-a 57% success rate (including binaries).
